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The Pe/argonium cultivar grown on Reunion for the production of rose-scented geranium oil is locally known as 
the cv. Rose. The origin of the cv. Rose is demonstrated by comparing its morphology, chromosome number 
and essential oil with those of putative ancestral species. It is concluded that P. capita tum (L.) L'Herit. and P. 
radens H.E. Moore can be considered as the parent species. A comparison of the characters of the cv. Rose 
and those of artificial hybrids between P. capita tum and P. radens, confirmed the assumption. 
Die Pe/argonium-kultivar wat op Reunion vir die produksie van roosgeurige geraniumolie gekweek word, staan 
lokaal bekend as die cv. Rose. Die oorsprong van die cv. Rose word gedemonstreer deur 'n vergelyking van 
sy morfologie, chromosoomgetal en essensiele olie met die van vermeende ouerspesies. Daar word tot die 
gevolgtrekking gekom dat P. capita tum (L.) L'Herit. en P. radens H.E. Moore beskou kan word as die 
ouerspesies. 'n Vergelyking van die kenmerke van die cv. Rose met die van kunsmatige hibriede tussen P. 
capita tum en P. radens, bevestig hierdie gevolgtrekking. 
Keywords: Pe/argonium, Reunion, rose-scented essential oil 
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Introduction 
The Island of Reunion has been renowned since 1886 for 
the production of rose-scented geranium oil as a substi-
tute for the expensive attar of roses. Favourable condi-
tions for growing pelargoniums prevail in the western 
and southern part of the Island (700-1 400 m) where an 
annual rainfall of ca. 1 500 mm is supplemented by daily 
fog. 
The crop plant grown on Reunion is locally known as 
cv. Rose, (Figure 1) but as far as we could dete rmine it 
was never officially named. The ancestral history of the 
cultivar is also unknown although Knuth (1921) pro-
posed Pelargonium capitatum (L.) L'Herit. as one of the 
parents. 
For the past 8 years the first author of this paper has 
done intensive biochemical and genetical research to 
establish the identity and qualities of cv. Rose. The main 
objective is to identify the ancestral species so that 
ancestral genes could be re-introduced to improve the 
cultivar's resistance to diseases. 
In this paper the origin of the cv. Rose is demonstra-
ted by comparing its morphology, chromosome number 
and essential oil with those of putative ancestral species . 
Materials and Methods 
Three natural species of Pelargonium L'Herit. [Po 
capitatum (L.) L'Herit, P. graveolens L'Herit. and P. 
radens H.E. Moore] have been regarded as possible 
parent species of the cv. Rose. 
For the morphological and karyological studies , 
material of P. capitatum, P. graveolens and P. radens was 
collected in different localities in South Africa . Stem 
cuttings were grown in the Botanical Garden of the 
University of Stellenbosch . From these cultivated plants, 
stem cuttings were obtained and grown in the nursery at 
Petite France (1 350 m), Reunion. This material was 
used for the chemical analyses of the essential oils of the 
three species. A summary of the material studied is given 
in Table 1. Voucher specimens of all the material collec-
ted, are housed in the herbarium of the Department of 
Botany, University of Stellenbosch (STEU). ' 
All the material of the cv. Rose and of the Fl hybrids 
between P. capitatum and P. graveolens/ P. radens 
required for the different investigations, was obtained 
from cultivated plants in Reunion. Many reciprocal 
crosses between P. capitatum and P. graveolens/ P. 
radens were made during this study. More than 300 Fl 
hybrid plants were obtained of which 56 were analysed 
for the composition of their essential oil. 
Leaf material for the scanning electron microscopic 
investigation was fixed in FAA. After dehydration in a 
graded series of ethanol, the specimens were prepared 
by critical point drying with liquid CO2 , They were 
sputter coated with gold and viewed with an ISI-100A 
scanning electron microscope. 
Essential oils were obtained by steam distillation, in a 
Clevenger's glass apparatus modified for small quanti-
ties . Before analysis, the essential oil was filtered with a 
water-absorbent paper (Marcherey Nagel MN 612 wa) to 
remove all traces of water. 
In order to ensure that none of the components had 
been transformed during steam distillation, hexane 
extracts were used as controls. The extracts were filtered 
as described above and the solvent removed under 
reduced pressure at 50°C. 
The essential oils and solvent extracts were analysed 
by gas chromatography (GC). Two different fused silica 
capillary columns (50 m = 0,32 mm), of different polari-
ties (PEG 20M and OV 101) were used. The conditions 
were as follows: operating voltage 250, carrier gas 
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Figure 1 Pelargonium cultivar known as cv. Rose on Reunion Island. 
Table 1 
Species 
P. capitatum 
Material studied 
STEU 
no. 
524 
Collector 
and no. 
Marais s.n. 
792 Van der Walt 545 
Locality 
Laerbaai, 
near Gansekraal 
Kenilworth, 
Cape Town 
Grid 
ref. 
3318CB 
3318CD 
1028 Demarne RU 215 Lamberts Bay 3218AB 
2382 Drijfhout 2623 Kuils River 3318DC 
P. graveo/ens 1261 Van der Walt 690 Howieson's Poort, 3326AD 
1897 Fischer 105 Berg River, 3326BC 
P. radens 1211 Geldenhuys s.n. 
Grahamstown 
Saasveld, 
near George 
3322DC 
1369 Ward S.n. Grahamstown 3326BC 
1671 Van der Walt 845 De Vlug, 3323CC 
near George 
cv. Rose 3837 Van der Walt 1556 Petite France, 
Reunion 
P. capita tum 792 
x Van der Walt 1552 Petite France, 
P. graveolens 1261 Reunion 
P. graveolens 1897 
x Van der Walt 1554 Petite France, 
P. capitatum 2382 Reunion 
P. capitatum 792 
x 
P. radens 1211 
P. radens 1671 
x 
P. capitatum 2214 
Van der Walt 1553 Petite France, 
Van der Walt 1555 
Reunion 
Petite France, 
Reunion 
hydrogen, flame ionization detector (FID), temperature 
of injector port 250°C, temperature of detector 260°C, 
column temperature from 70°C to 210°C at 2°C min·1 . 
Compounds were identified by comparison of their 
retention times with those of authentic samples, gas-
chromatography-mass spectrometry (GC-MS) and 
Koval's indexes. 
Results 
Morphological features of the species and cv. Rose 
Pelargonium capitatum, P. graveolens and P. radens 
belong to the section Pelargonium of the genus 
Pelargonium L'Herit. The section Pelargonium was 
taxonomically revised by van der Walt (1985). P. 
capitatum and P. radens are well illustrated in Volume 1 
of Pelargoniums of southern Africa (van der Walt 1977), 
and P. graveolens in Volume 3 of this series (van der 
Walt & Vorster 1988). The differences between P. 
graveolens and P. radens are discussed by van der Walt & 
Demarne (1988). It will therefore suffice to summarize 
the morphological characters of the three species in this 
paper. 
Habit 
P. capitatum: decumbent shrub up to 1 m high 
P. graveolens: erect shrub up to 1,3 m high 
P. radens: erect shrub up to 1,5 m high 
The cv. Rose is usually a more or less erect shrub 
resembling P. graveolens and P. radens in habit. 
Leaf characters 
Odour 
P. capitatum: faintly rose-scented 
P. graveolens: mint-scented 
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Figure 2 Scanning electron micrograph of the \eaf surfaces of P. capitatum (Drijfhout 2623, STEU 2382). Scale bar = 100 f1m. 
P. radens: mint-scented 
The cv. Rose, however, is strongly rose-scented. 
Indumentum 
P. capitatum: pilose to densely villous 
P. graveolens: villous to densely villous 
P. radens: hirsute 
The leaves of cv. Rose are hirsute resembling those of 
P. radens. 
Shape of laminae 
P. capitatum: palmatilobate to palmatipartite 
P. graveolens: palmatipartite to pinnatisect 
P. radens: palmatisect to pinnatisect 
Figure 3 Scanning electron micrograph of the leaf surface of P. graveolens (Fischer 105, STEU 1897). Scale bar = 100 f1m. 
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Figure 4 Scanning electron micrograph of the leaf surface of P. radens (van der Walt 845, STEU 1671). Scale bar = 100 11m. 
The leaves of cv. Rose are palmatifid to palmatisect 
resembling those of P. graveolens. 
Leaf segment margin 
P. capitatum: flat 
P. graveolens: somewhat revolute 
P. radens: prominently revolute 
The leaf segment margin of cv. Rose is somewhat 
revolute resembling those of P. graveolens. 
Inflorescence characters 
Shape 
P. capitatum: capitulum-like 
P. graveolens: not capitulum-like 
Figure 5 Scanning electron micrograph of the leaf surface of cv. Rose. Scale bar = 100 11m. 
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P. radens: not capitulum-like 
The inflorescence of cv. Rose IS capitulum-like, 
resembling that of P. capitatum. 
Number of flowers per pseudo-umbel 
P. capitatum: 8-20 
P. graveo/ens: 3-7 
P. radens: 3-8 
In cv. Rose the number of flowers per pseudo-umbel 
varies from 5 to 10, an intermediate number between 
that of P. capitatum and P. graveo/ens/ P. radens. 
Trichomes (Figures 2-5) 
Non-glandular hairs 
P. capitatum: two types are present, both are relatively 
long, more or less straight but only the one type is borne 
on a podium of raised epidermal cells. 
P. graveo/ens: only one type is present, they are relative-
ly long but shorter than those of P. capitatum, usually 
straight and they are borne on a podium of raised 
epidermal cells. 
P. radens: two types are present, one type is much 
shorter than those of P. graveo/ens, straight but they are 
not borne on a podium of raised epidermal cells; the 
other type is spiny but sometimes with rounded apices, 
usually curved and they are borne on a podium of 
epidermal cells. 
The hairs of cv . Rose vary in length , they are more or 
less spiny, usually curved, sometimes with rounded 
apices resembling those of P. radens, and they are borne 
on a podium of raised epidermal cells. 
Glandular hairs 
Two types of glandular hairs, differing in size and 
structure, can be distinguished in all three species and 
the cv. Rose. The small type consists of a spherical to 
slightly elongated unicellular head, and a tncellular 
uniseriate stalk. The large type of glandular hair consists 
of a spherical unicellular head and a four-celled stalk. 
The basal cell of the stalk is much larger than the distal 
cells. 
Somatic chromosome numbers of the species and the 
cv. Rose 
The somatic chromosome numbers of the species have 
been determined by Albers & van der Walt (1984). P. 
capitatum is a hexaploid (2n = 66) while both P. 
graveo/ens and P. radens are octoploids (2n = 88). The 
cv. Rose is a heptaploid (2n = 77), explaining the male 
sterility of its flowers. 
Yields and composition of the essential oil of the 
species and the cv. Rose 
(The yield of essential oil is always expressed as a 
percentage of the volume of oil obtained versus the mass 
of the dry material distilled) . 
Yield 
There IS considerable interspecific variation In the 
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quantity of essential oil obtained by steam distillation. 
The volume obtained from P. capitatum is markedly 
lower than that from P. graveo/ens and P. radens (Table 
2). The intraspecific variation in the quantity of oil 
yielded, however, is fairly small and the variation can be 
ascribed to ecological conditions rather than to genetic 
differences. 
Several papers have been published to demonstrate 
how the production of essential oil in cv. Rose is influen-
ced by ecological factors (Korezawa 1961; Kapetanidis & 
Mirimanoff 1970; Kapetanidis 1971). The yield of 
essential oil in cv. Rose usually varies between 1,5 and 
3,0%. 
Composition 
(It should be noted that the composition of the essential 
oils does not differ from the composition of the corres-
ponding solvent extracts). 
The composition of the essential oil of P. graveo/ens 
and P. radens was presented by van der Walt & 
Demarne (1988). The composition of the essential oil of 
these two species is very similar with large quantities of 
isomenthone (±80%). Citronellol is present in very 
small quantities, but citronellyl esters, geraniol and 
geranyl esters, responsible for the rose scent of geranium 
oil, are completely lacking (Table 2) . 
A comprehensive study of the essential oil of P. capi-
tatum has been made by the first author of this paper and 
the results will be published soon. The composition of the 
essential oil of P. capitatum is very complex and the 
following four main chemotypes are recognized (Table 2): 
Type 1: citronellol and citronellyl formate are the main 
components with substantial quantities of a-pinene, 
geraniol, geranyl formate and 6,9-gaiadiene (SlEU 792 
and STEU 2382). 
Type 2: citronellol and citronellyl formate are the 
main components with substantial quantities of [3-caryo-
phyllene and germacrene D (STEU 2214). 
Type 3: The composition of the essential oil is inter-
mediate between type 1 and 2. Citronellol and citronellyl 
formate are again the main components with substantial 
quantities of geranyl formate, [3-caryophyllene and 6,9-
gaiadiene (STEU 1028). 
Type 4: a-pinene is the main component with 
substantial quantities of geranyl formate, [3-caryo-
phyllene and 6,9-gaiadiene (STEU 524). 
Geranium oil is in the top rank of fragrant substances 
used in the perfume industry and since the beginning of 
the 20th century much research has been done to clarify 
the composition of the oil. 
The composition of geranium oil is now well known, 
and physical as well as GC and GC-MS analyses of it 
are available (Vernin & Metzger 1983; Guerere & 
Demarne 1985). A summary of the composition of the 
essential oil of cv. Rose is presented in Table 2. It should 
be noted that during steam distillation, geraniol is always 
partially transformed into its isomer linalol. The total 
amount of geraniol and linalol, however, remains 
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Table 2 Comparison of the composition and yield of the essential oils of the species, cv. Rose 
and F 1 hybrids 
P. capitatum 
chemotypes F J hybrids 
2 3 4 P. graveolens P. radens cv. Rose rose mint 
a-Pinene B-C A B G A A A-B A-B A-B 
Myrcene B B A A B 
Menthone A A A A B B A A B 
Isomenthone A A A A J J C C G-H 
Citronellol C-D C C B A A E E-F-G C 
Geraniol A A A A E D-E-F A 
Citronellyl formate E-F F F A C-D D B-C 
Geranyl formate C A C C C-D B A 
j3-Caryophyllene A C C B A A A-B 
6,9-Gaiadiene C A B C-D A B-C B A-B 
Germacrene D A C C A A A B B A 
Yield of essential oil 
vol./dry mat. mass 0,05 - 0,3% 2,0 - 4,0% 3,0 - 6,0% 1,5 - 3,0% 0,8 - 3,0% 
0% < A < 1% 5% '" C < 10% 20% '" E < 30% 40% '" G <50% 60% '" r < 70% 
1% '" B < 5% 10% '" D < 20% 30% '" F < 40% 50% '" H < 60% 70% '" J < 80% 
constant in the essential oil as well as In the solvent 
extract (Demarne et al. 1984). 
F 1 hybrids between P. capita tum and P. graveo/ens/P. 
radens 
The morphological and biochemical characters of F1 
hybrids from reciprocal crosses between P. capitatum 
and P. graveolens/P. radens, were compared with those 
of the cv. Rose in another attempt to establish and 
confirm the parent species of the cv. Rose. 
Morphological features of the F1 hybrids 
The F] hybrids, especially between P. capitatum and P. 
radens, resemble the cv. Rose in many respects but a 
Figure 6 Scanning electron micrograph of the leaf surface of P. capitatum (STEU 2382) x P. graveolens (STEU 1897). Scale 
bar = 100/lom. 
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Figure 7 Scanning electron micrograph of the leaf surface of P. capitatum (STEU 792) x P. radens (STEU 1671) . Scale 
bar = 100 f.Lm. 
considerable vanatlOn of macromorphological charac-
ters is found among these hybrids. The macromorpho-
logical characters alone thus cannot be used to deter-
mine the parent species. The trichomes, however, 
proved to be of interest. In Figures 6 and 7 the trichomes 
of the hybrid P. capitatum x P. graveolens are 
compared with those of the hybrid P. capitatum x P. 
radens. The spiny non-glandular hairs of P. radens are 
also present in the hybrid P. cap ita tum x P. radens, and 
the trichome complement of this hybrid compares 
favourably with that of the cv. Rose. 
Somatic chromosome numbers of the F1 hybrids 
The chromosome numbers of the Fl hybrids have been 
determined by the first author of this paper. All the 
hybrids are heptaploids (2n = 77). 
Essential oil of the F1 hybrids 
Yield 
The yield of essential oil in the Fl hybrids varies 
considerably between 0,8 and 3,0%. 
Composition 
The essential oil and solvent extracts of the Fl hybrids 
can be classified under the following two types: 
Type 1: mint-scented oil of which the composition is 
intermediate between those of the parent species, P. 
capitatum and P. graveolenslP. radens. The essential oil 
contains 40-50% of isomenthone, substantial quantities 
(8-10%) of citronellol and citronellyl formate, and 
small quantities of geraniol and geranyl formate. In this 
type the composition of the essential oil and their corres-
ponding extracts are identical, due to the small quantity 
of geraniol present (Table 2). 
Type 2: rose-scented oil, the result of heterosis, and 
determined by P. capitatum as one parent. The essential 
oils contain large quantities of both citronellol and 
geraniol as well as substantial quantities of isomenthone, 
citronellyl formate and geranyl formate (Table 2) . As in 
the case of cv. Rose, small differences between the 
essential oils and their corresponding solvent extracts 
exist, due to the isomeric transformation of geraniol into 
linalol during the steam distillation. 
The type 2 essential oil has basically the same compos-
ition as that of cv. Rose. In some F\ hybrid plants the 
composition of the essential oil is even identical to that 
of the cv. Rose (Figure 8). Only these hybrids are suit-
able for the production of rose-scented essential oil. 
Such hybrids have been obtained by crossing P. capita-
tum (particularly STEU 792) with P.graveolensl P. 
radens. 
Discussion 
Soon after the commencement of this research project, it 
became evident that P. capitatum is one of the parent 
species of the cv. Rose. Morphologically, P. capitatum 
resembles the cv. Rose in the capitulum-like inflores-
cences. This type of inflorescence is only found in P. 
capitatum and P. viti folium (L.) L'Herit. (van der Walt 
1985). Furthermore, P. capita tum is the only hexaploid 
(2n = 66) species in the section Pelargonium (Albers & 
van der Walt 1984), and it is quite clear that the cv. Rose 
(2n = 77) was formed by a crossing made between a 
hexaploid and an octoploid species. 
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Figure 8 Gas chromatographs comparing the essential oils of 
cv. Rose and a hybrid P. capitatum (STEU 792) x P. radens 
(STEU 1211). 
P. graveolens, P. radens and P. vitifolium are the only 
octoploid species in the section Pelargonium. P. 
vitifolium was soon eliminated as the other putative 
parent on basis of its morphology and essential oil 
composition. It was not so easy to decide between P. 
graveolens and P. radens as the other parent because 
they are very closely related species (van der Walt & 
Demarne 1988). The chemical composition of their 
essential oil, for example, is almost identical. The 
occurrence of the typical spiny hairs (sometimes with 
rounded apices) of P. radens in the cv. Rose is very 
significant and eliminates P. graveolens as a parent 
species. 
Our conclusion is that P. capitatum and P. radens can 
be considered as the parent species of the cv. Rose. A 
comparison of the characters of the cv . Rose and those 
of the Fl hybrid P. capitatum x P. radens confirmed our 
191 
assumption. Of all the natural species, the cv. Rose most 
resembles P. graveolens and and this is the reason why it 
has been erroneously identified as P. graveolens in the 
past. 
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